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Lithographic Apparatus and Device Manufacturing Method 

Field 

[0001] The present invention relates to a lithographic apparatus and a device 

manufacturing method. 

Background 

[0002] A lithographic apparatus is a machine that applies a desired pattern onto 

a target portion of a substrate. Lithographic apparatus can be used, for example, in the 
manufacture of integrated circuits (ICs). In that circumstance, a patterning device, such 
as a mask, may be used to generate a circuit pattern corresponding to an individual layer 
of the IC, and this pattern can be imaged onto a target portion (e.g. comprising part of, 
one or several dies) on a substrate (e.g. a silicon wafer) that has a layer of radiation- 
sensitive material (resist). In general, a single substrate will contain a network of 
adjacent target portions that are successively exposed. Known lithographic apparatus 
include so-called steppers, in which each target portion is irradiated by exposing an 
entire pattern onto the target portion in one go, and so-called scanners, in which each 
target portion is irradiated by scanning the pattern through the projection beam in a 
given direction (the "scanning"-direction) while synchronously scanning the substrate 
parallel or anti-parallel to this direction. 

[0003] It has been proposed to immerse the substrate in the lithographic 

projection apparatus in a liquid having a relatively high refractive index, e.g. water, so 
as to fill a space between the final element of the projection system and the substrate. 
The point of this is to enable imaging of smaller features since the exposure radiation 
will have a shorter wavelength in the liquid. (The effect of the liquid may also be 
regarded as increasing the effective NA of the system and also increasing the depth of 
focus.) Other immersion liquids have been proposed, including water with solid 
particles (e.g. quartz) suspended therein. 
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[0004] However, submersing the substrate or substrate and substrate table in a 

bath of liquid (see for example United States patent no. US 4,509,852, hereby 
incorporated in its entirety by reference) means that there is a large body of liquid that 
must be accelerated during a scanning exposure. This requires additional or more 
powerful motors and turbulence in the liquid may lead to undesirable and unpredictable 
effects. 

[0005] One of the solutions proposed is for a liquid supply system to provide 

liquid on only a localized area of the substrate and in between the final element of the 
projection system and the substrate using a liquid supply system (the substrate generally 
has a larger surface area than the final element of the projection system). One way which 
has been proposed to arrange for this is disclosed in PCT patent application publication 
no. WO 99/49504, hereby incorporated in its entirety by reference. As illustrated in 
Figures 2 and 3, liquid is supplied by at least one inlet IN onto the substrate, preferably 
along the direction of movement of the substrate relative to the final element, and is 
removed by at least one outlet OUT after having passed under the projection system. 
That is, as the substrate is scanned beneath the element in a -X direction, liquid is 
supplied at the +X side of the element and taken up at the -X side. Figure 2 shows the 
arrangement schematically in which liquid is supplied via inlet IN and is taken up on the 
other side of the element by outlet OUT which is connected to a low pressure source. In 
the illustration of Figure 2 the liquid is supplied along the direction of movement of the 
substrate relative to the final element, though this does not need to be the case. Various 
orientations and numbers of in- and out-lets positioned around the final element are 
possible, one example is illustrated in Figure 3 in which four sets of an inlet with an 
outlet on either side are provided in a regular pattern around the final element. 

Summary 

[0006] It would be advantageous, for example, to provide improved through-put, 

improved overlay and/or improved critical dimension performance of an immersion 
lithography apparatus. 
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[0007] According to an aspect, there is provided a lithographic apparatus 

comprising: 

[0008] an illumination system configured to provide a beam of radiation; 

[0009] a support structure configured to hold a patterning device, the patterning 

device configured to impart the beam with a pattern in its cross-section; 
[0010] a substrate table configured to hold a substrate; 

[0011] a projection system configured to project the patterned beam onto a target 

portion of the substrate; 

[0012] a liquid supply system configured to provide an immersion liquid 

between the projection system and the substrate table; 

[0013] an actuator configured to apply a force to the substrate; and 

[0014] a compensation controller configured to determine a compensating force 

to be applied by the actuator to the substrate to be substantially equal in magnitude and 

substantially opposite in direction to a force applied to the substrate by the liquid supply 

system. 

[0015] Any one or more disturbance forces applied to the substrate that are 

transmitted by or caused by the liquid supply system may be compensated so as not to 
affect the position of the substrate. Any source of such disturbance force can be 
compensated in this way. Examples include force applied to the substrate by the liquid 
supply system due to gravity, due to variations in pressure in the immersion liquid and 
due to variations in pressure of liquid and/or gas being removed at a seal or bearing 
between the barrier member and the substrate or substrate table. Forces from or caused 
by any one or combination of these sources may be compensated for by the 
compensation controller. 

[0016] If the liquid supply system comprises a barrier member which is 

positioned in a direction substantially parallel to the optical axis of the projection system 
using a barrier actuator, the compensation controller may be configured to determine the 
required compensation force based on the force needed by the barrier actuator to keep 
the barrier member steady or by a signal given by a force sensor between the barrier 
member and the projection system. 
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[0017] In an embodiment, the compensation controller is configured to 

determine the compensation force in a feed-forward manner. For example, the 
compensation controller may determine the compensation force based on a desired 
position of the substrate. This may be done from a determination of the force of gravity 
on the liquid supply system, particularly in the case of a localized area liquid supply 
system (e.g., having a barrier member) where the components of the liquid supply 
system may remain stationary in a plane orthogonal to the optical axis of the projection 
system. In such a case, the position, relative to the center of gravity of the substrate 
table, at which force from the liquid supply system is transmitted to the substrate, varies 
with the position of the substrate table. This can lead to rotational torques in the plane 
orthogonal to the optical axis which, if not, compensated for by the compensation 
controller, could lead to a reduction in imaging performance of the apparatus, 
particularly imaging and overlay. 

[0018] There may be other occasions when the liquid supply system exerts a 

force on the substrate table directly without exerting the same force on the substrate. In 
such circumstances the compensation controller may be configured to control the 
actuator to apply compensating force on the substrate table substantially equal in 
magnitude and opposite in direction to the force applied to the substrate table by the 
immersion liquid supply system. 

[0019] The apparatus may further comprise a pressure sensor configured to 

measure the pressure in the immersion liquid and/or gas and/or liquid pressure in a seal 
or bearing. This is particularly useful if the compensation controller determines the 
compensating force based on variations in pressure in the immersion liquid (e.g., in the 
space) or in the seal or bearing. 

[0020] According to a further aspect, there is provided a device manufacturing 

method comprising: 

[0021] projecting a patterned beam of radiation through an immersion liquid 

onto a target portion of a substrate using a projection system; and 
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[0022] determining and applying a compensating force on the substrate 

substantially equal in magnitude and opposite in direction to force applied to the 
substrate by a liquid supply system providing the immersion liquid. 
[0023] Although specific reference may be made in this text to the use of 

lithographic apparatus in the manufacture of ICs, it should be understood that the 
lithographic apparatus described herein may have other applications, such as the 
manufacture of integrated optical systems, guidance and detection patterns for magnetic 
domain memories, liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The 
skilled artisan will appreciate that, in the context of such alternative applications, any 
use of the terms "wafer" or "die" herein may be considered as synonymous with the 
more general terms "substrate" or "target portion", respectively. The substrate referred 
to herein may be processed, before or after exposure, in for example a track (a tool that 
typically applies a layer of resist to a substrate and develops the exposed resist) or a 
metrology or inspection tool. Where applicable, the disclosure herein may be applied to 
such and other substrate processing tools. Further, the substrate may be processed more 
than once, for example in order to create a multi-layer IC, so that the term substrate used 
herein may also refer to a substrate that already contains multiple processed layers. 
[0024] The terms "radiation" and "beam" used herein encompass all types of 

electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength 
of 365, 248, 193, 157 or 126 nm). 

[0025] The term "patterning device" used herein should be broadly interpreted 

as referring to any device that can be used to impart a projection beam with a pattern in 
its cross-section such as to create a pattern in a target portion of the substrate. It should 
be noted that the pattern imparted to the projection beam may not exactly correspond to 
the desired pattern in the target portion of the substrate. Generally, the pattern imparted 
to the projection beam will correspond to a particular functional layer in a device being 
created in the target portion, such as an integrated circuit. 

[0026] A patterning device may be transmissive or reflective. Examples of 

patterning devices include masks, programmable mirror arrays, and programmable LCD 
panels. Masks are well known in lithography, and include mask types such as binary, 
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alternating phase-shift, and attenuated phase-shift, as well as various hybrid mask types. 
An example of a programmable mirror array employs a matrix arrangement of small 
mirrors, each of which can be individually tilted so as to reflect an incoming radiation 
beam in different directions; in this manner, the reflected beam is patterned. In each 
example of a patterning device, the support structure may be a frame or table, for 
example, which may be fixed or movable as required and which may ensure that the 
patterning device is at a desired position, for example with respect to the projection 
system. Any use of the terms "reticle" or "mask" herein may be considered synonymous 
with the more general term "patterning device". 

[0027] The term "projection system" used herein should be broadly interpreted 

as encompassing various types of projection system, including refractive optical 
systems, reflective optical systems, and catadioptric optical systems, as appropriate for 
example for the exposure radiation being used, or for other factors such as the use of an 
immersion fluid or the use of a vacuum. Any use of the term "lens" herein may be 
considered as synonymous with the more general term "projection system". 
[0028] The illumination system may also encompass various types of optical 

components, including refractive, reflective, and catadioptric optical components for 
directing, shaping, or controlling the projection beam of radiation, and such components 
may also be referred to below, collectively or singularly, as a "lens". 
[0029] The lithographic apparatus may be of a type having two (dual stage) or 

more substrate tables (and/or two or more mask tables). In such "multiple stage" 
machines the additional tables may be used in parallel, or preparatory steps may be 
carried out on one or more tables while one or more other tables are being used for 
exposure. 

Brief Description of the Drawings 

[0030] Embodiments of the invention will now be described, by way of example 

only, with reference to the accompanying schematic drawings in which corresponding 
reference symbols indicate corresponding parts, and in which: 
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[0031] Figure 1 depicts a lithographic apparatus according to an embodiment of 

the invention; 

[0032] Figure 2 illustrates, in cross-section, a liquid supply system which may 

be used with the present invention; 

[0033] Figure 3 illustrates the liquid supply system of Figure 2 in plan; 

[0034] Figure 4 illustrates, in plan and in cross-section, another liquid supply 

system which may be used in the present invention; 

[0035] Figure 5 illustrates, in cross-section, a substrate table and liquid supply 

system according to an embodiment of the present invention; 

[0036] Figure 6 illustrates the positional dependence of the substrate table on the 

compensation force needed according to an embodiment of the present invention; and 
[0037] Figure 7 illustrates two possible ways of establishing the compensation 

force needed according to an embodiment of the present invention. 

Detailed Description 

[0038] Figure 1 schematically depicts a lithographic apparatus according to a 

particular embodiment of the invention. The apparatus comprises: 
[0039] - an illumination system (illuminator) IL for providing a projection beam 
PB of radiation (e.g. UV radiation or). 

[0040] - a first support structure (e.g. a mask table) MT for supporting a 
patterning device (e.g. a mask) MA and connected to a first positioning device PM for 
accurately positioning the patterning device with respect to item PL; 
[0041] - a substrate table (e.g. a wafer table) WT for holding a substrate (e.g. a 
resist-coated wafer) W and connected to a second positioning device PW for accurately 
positioning the substrate with respect to item PL; and 

[0042] - a projection system (e.g. a refractive projection lens) PL for imaging a 
pattern imparted to the projection beam PB by patterning device MA onto a target 
portion C (e.g. comprising one or more dies) of the substrate W. 
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[0043] As here depicted, the apparatus is of a transmissive type (e.g. employing 

a transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. 
employing a programmable mirror array of a type as referred to above). 
[0044] The illuminator IL receives a beam of radiation from a radiation source 

SO. The source and the lithographic apparatus may be separate entities, for example 
when the source is an excimer laser. In such cases, the source is not considered to form 
part of the lithographic apparatus and the radiation beam is passed from the source SO 
to the illuminator IL with the aid of a beam delivery system BD comprising for example 
suitable directing mirrors and/or a beam expander. In other cases the source may be 
integral part of the apparatus, for example when the source is a mercury lamp. The 
source SO and the illuminator IL, together with the beam delivery system BD if 
required, may be referred to as a radiation system. 

[0045] The illuminator IL may comprise adjusting means AM for adjusting the 

angular intensity distribution of the beam. Generally, at least the outer and/or inner 
radial extent (commonly referred to as a-outer and a-inner, respectively) of the intensity 
distribution in a pupil plane of the illuminator can be adjusted. In addition, the 
illuminator IL generally comprises various other components, such as an integrator IN 
and a condenser CO. The illuminator provides a conditioned beam of radiation, referred 
to as the projection beam PB, having a desired uniformity and intensity distribution in 
its cross-section. 

[0046] The projection beam PB is incident on the mask MA, which is held on 

the mask table MT. Having traversed the mask MA, the projection beam PB passes 
through the lens PL, which focuses the beam onto a target portion C of the substrate W. 
With the aid of the second positioning device PW and position sensor IF (e.g. an 
interferometric device), the substrate table WT can be moved accurately, e.g. so as to 
position different target portions C in the path of the beam PB. Similarly, the first 
positioning device PM and another position sensor (which is not explicitly depicted in 
Figure 1) can be used to accurately position the mask MA with respect to the path of the 
beam PB, e.g. after mechanical retrieval from a mask library, or during a scan. In 
general, movement of the object tables MT and WT will be realized with the aid of a 
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long-stroke module (coarse positioning) and a short-stroke module (fine positioning), 
which form part of the positioning devices PM and PW. However, in the case of a 
stepper (as opposed to a scanner) the mask table MT may be connected to a short stroke 
actuator only, or may be fixed. Mask MA and substrate W may be aligned using mask 
alignment marks Ml, M2 and substrate alignment marks PI, P2. 
[0047] The depicted apparatus can be used in the following preferred modes: 

[0048] 1. In step mode, the mask table MT and the substrate table WT are 

kept essentially stationary, while an entire pattern imparted to the projection beam is 
projected onto a target portion C at one time (i.e. a single static exposure). The substrate 
table WT is then shifted in the X and/or Y direction so that a different target portion C 
can be exposed. In step mode, the maximum size of the exposure field limits the size of 
the target portion C imaged in a single static exposure. 

[0049] 2. In scan mode, the mask table MT and the substrate table WT are 

scanned synchronously while a pattern imparted to the projection beam is projected onto 
a target portion C (i.e. a single dynamic exposure). The velocity and direction of the 
substrate table WT relative to the mask table MT is determined by the (de- 
)magnification and image reversal characteristics of the projection system PL. In scan 
mode, the maximum size of the exposure field limits the width (in the non-scanning 
direction) of the target portion in a single dynamic exposure, whereas the length of the 
scanning motion determines the height (in the scanning direction) of the target portion. 
[0050] 3. In another mode, the mask table MT is kept essentially stationary 

holding a programmable patterning device, and the substrate table WT is moved or 
scanned while a pattern imparted to the projection beam is projected onto a target 
portion C. In this mode, generally a pulsed radiation source is employed and the 
programmable patterning device is updated as required after each movement of the 
substrate table WT or in between successive radiation pulses during a scan. This mode 
of operation can be readily applied to maskless lithography that utilizes a programmable 
patterning device, such as a programmable mirror array of a type as referred to above. 
[0051] Combinations and/or variations on the above described modes of use or 

entirely different modes of use may also be employed. 
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[0052] One or more embodiments of the present invention concern measures 

which can be taken to reduce the disturbance forces introduced by the supply of liquid 
between the projection system and the substrate in immersion lithography, e.g., 
reduction of disturbance forces which may be transmitted to the substrate by a liquid 
supply system. Embodiments of the present invention are applicable to any type of 
liquid supply system, in particular localized area liquid supply systems which supply 
liquid to only a localized area of the substrate (compared with, e.g., a bath in which the 
substrate and perhaps substrate table are immersed). 

[0053] Figures 2 and 3 illustrate a liquid supply system supported in the Z 

direction by a base frame BF or a metrology reference frame RF (which is supported by 
but isolated from the base frame). Figure 4 illustrates a liquid supply system using a 
barrier member which has an orifice in which a final element of the projection system 
PL is situated. Thus, the barrier member at least partly surrounds the final element of the 
projection system PL and forms a space for immersion liquid between the final element 
of the projection system PL and the substrate W. This type of liquid supply system can 
either have its weight supported by the projection system PL, by the base frame BF or 
any other frame or may support its weight through a hydro-static, hydro-dynamic or gas 
bearing on the substrate W. 

[0054] A further generic type of liquid confinement system comprises a barrier 

member which at least partly surrounds a bottom portion of the projection system and 
forms a space, defined by the substrate, the barrier member and the bottom portion of 
the projection system PL, to which liquid is supplied. Such a liquid supply system is 
disclosed in, for example, European Patent application nos. 03257070.7 and 
03256643.2, both of which are hereby incorporated in their entirety by reference. In an 
embodiment, the weight of the barrier member is supported on the substrate W and/or 
the substrate table WT by a gas bearing, e.g., provided on the under side of the barrier 
member. The barrier member is connected to the base frame BF but only substantially to 
prevent movement in the XY plane. Alternatively, a similar barrier member may be used 
in which hydrostatic pressure is used to support the barrier member on the substrate W 
and/or the substrate table WT. Such a system is disclosed in European Patent application 
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no. 03254078.3, hereby incorporated in its entirety by reference. A further variation of 
the barrier member is disclosed in United States patent application no. 10/743,271, filed 
23 December 2003, hereby incorporated in its entirety by reference. 
[0055] The materials of which the above mentioned liquid supply systems are 

constructed, and in particular barrier members, are chosen so that they have no adverse 
effects on contact with the immersion liquid (e.g. corrosion), they do not deteriorate the 
quality of the immersion liquid e.g. by dissolving in the immersion liquid, and they are 
compatible with all other requirements related to lithography that are not specific to 
immersion. Typical examples include austenitic stainless steels (e.g. the AISI 300 series 
and equivalents), nickel and nickel-based alloys, cobalt and cobalt-based alloys, 
chromium and chromium-based alloys, titanium and titanium-based alloys. However, in 
order to prevent galvanic corrosion, it is best to avoid combinations of several different 
metals in the design. Polymers may also be used and suitable polymers include many 
fluorine-based polymers (e.g. PTFE (Teflon (RTM)), PFA and PVDF) also, uncolored 
PE and PP could be used as well as all ceramic materials, with the exception of 
aluminum nitride. Ceramic-based composite materials may also be suitable as may be 
glasses (e.g. fused silica or quartz glass) and low thermal expansion glasses or glass 
ceramics (e.g. ULE (TM) from Corning or Zerodur (TM) from Schott). 
[0056] Disturbance forces which might be transmitted to the substrate W include 

forces due to gravity (for those liquid supply systems which are at least in part supported 
by the substrate) and the effect of immersion liquid pressure on the substrate W (for all 
types of liquid supply system). Other disturbance forces are, for example, from liquid or 
gas bearings or seals operating between the liquid supply system and substrate W and/or 
substrate table WT (e.g., gas bearings or gas seals on the underside of a barrier member) 
or due to activated movements in the Z, Rz, Rx and Ry directions of the liquid supply 
system. In some circumstances, the bearing or seal removes liquid and/or gas from the 
liquid supply system. The pressure of the liquid and/or gas can vary and cause 
disturbance forces to be transmitted to the substrate table WT. 
[0057] An embodiment of the substrate table WT assembly is illustrated in 

Figure 5. What is illustrated in Figure 5 is an example only and the substrate table WT 
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may have a different construction. The principles explained in relation to Figure 5 (and 
Figures 6 and 7) are equally applicable to other types of substrate table WT as well as, 
of course, other types of liquid supply system. 

[0058] In Figure 5, a liquid supply system with a barrier member 10 is 

illustrated. A gas seal 15 seals between the bottom of the barrier member 10 and the 
substrate W and/or substrate table WT. The barrier member 10 provides a space 5 which 
can be filled with immersion liquid so that the space between the projection system PL, 
the substrate W and bounded by the barrier member 10 is filled with immersion liquid. 
The apparatus includes a compensation controller for controlling one or more actuators 
45 to apply a compensating force on the substrate W substantially equal in magnitude 
and opposite in direction to force applied to the substrate by the liquid supply system. 
[0059] The substrate table WT is comprised of two main parts 40, 60. The upper 

main part 40 is designed for accurate fine positioning of the substrate W, which is 
carried by the upper main part 40. The lower main part 60 is moved by actuator(s) 65 on 
a coarse scale, final accurate positioning being achieved by movement of the upper main 
part 40 by actuator(s) 45 which act between the upper and lower main parts 40, 60. One 
or more embodiments are described below referring to one or more actuators 45 
between the upper and lower main parts of the substrate table 40, 60 but of course is 
equally applicable to other substrate tables such as those types that only have one part or 
indeed those types that have more than two parts. While described in relation to one or 
more actuators 45 being the main fine three dimensional positioning actuators, separate 
actuators may be specifically provided for applying the compensating forces required. 
These compensating forces may even be applied directly to the substrate W or could 
indeed be applied by the actuator(s) 65 for the main lower part of the substrate table 
WT. 

[0060] Both actuators 45, 65 are capable of moving their respective parts of the 

substrate table 40, 60 in the XY plane and, to a more limited extent, in the Z direction 
relative to the lower main part 60 and to the base frame BF respectively. 
[0061] Figure 6 illustrates how an embodiment of the present invention uses the 

compensation controller 30 to determine the necessary compensation force and to 
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control the actuator(s) 45 to compensate for the effect of gravity of the barrier member 
10 on the substrate W in the case where the barrier member 10 is supported by the 
substrate W (for example through a hydrostatic, hydrodynamic or gas bearing). The 
determinations preferably account for Rx, Ry and Rz rotational movements as well as Z 
movements. The same principles can be applied when considering the effects of 
disturbance forces transmitted through the immersion liquid and which will be described 
in more detail in relation to Figure 7. In both cases, the forces applied to the substrate 
table W may be estimated as being through the center of gravity of the barrier member 
10 or the center of the area of the substrate WT covered by immersion liquid from the 
liquid supply system. The determinations by the compensation controller 30 may be 
made, for example, by calculation, table look-up or any other means. The compensation 
controller 30 may be, for example, mechanical, electronic and/or software based. 
[0062] Figure 6 illustrates a 3-dimensional problem in two dimensions. 

Although the weight of the barrier member 10 is constant, as can be seen from Figure 6, 
when the center of the substrate W moves away from directly underneath the optical 
axis of the projection system (indicated as dotted line 1) a moment 100 around the 
center of gravity of the upper part of the substrate table 40 is generated. In the case 
illustrated in Figure 6 this requires a larger compensating force Fi to be applied on the 
left hand actuator 45 than the compensating force F2 applied to the right hand actuator 
45. The actuators 45 must apply a force to support both the upper part 40 of the 
substrate table and the barrier member. If the substrate table WT were moved to the 
right, the force on the left hand actuator Fi would increase and the force on the right 
hand actuator F 2 would need to reduce. Thus, it can be seen that the compensation 
controller can determine the compensating force based on a desired position of the 
substrate W and control the actuator 45 accordingly. The determination can also be 
carried out using the actual X, Y position as this is usually only a few nm different to the 
desired position. 

[0063] The actuators 45 are controlled to apply compensating force on the 

substrate table substantially equal in magnitude and opposite in direction to the force 
applied to the substrate by the liquid supply system. 
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[0064] It is also possible that the liquid supply system applies forces to the 

substrate table WT directly and not through the substrate. In this case the same 
principles apply and the compensation controller can compensate for any disturbances 
caused in this way. 

[0065] The compensation controller 30 can determine the compensation force in 

a feed-forward manner by being fed the desired (or actual) co-ordinates of the substrate 
W. From this information the combined center of gravity of the upper part of the 
substrate table 40 and of the barrier member 10 can be determined from a knowledge of 
their positions and masses and the force applied to actuator 45 as appropriate. Clearly 
the determinations can be based on any point in space. The determinations can be 
carried out from a knowledge of the mass of the barrier member 10 and its position as 
well as the mass of the upper part 40 of the substrate table, including the substrate W. 
[0066] Referring to Fig. 7, the compensation controller 30 can additionally or 

alternatively determine a compensation force required due to pressure of the liquid 
and/or gas in a seal or bearing or pressure of liquid in the space. The pressures can be 
measured and the determination performed in a feed forward or feed back manner. For 
this purpose a pressure sensor 80 is provided or data from a force sensor 70 can be used. 
Alternatively, the pressure can be determined from, for example, a knowledge of the 
flow rate of liquid into and/or out of the space 5. In this way the inherent variations in 
pressure of the immersion liquid in the space 5 due to extraction of gas/liquid mixture 
can be compensated. 

[0067] In an embodiment, a compensation force component is added to the 

overall force signal generated for each of the actuators 45. The other components 
include that for positioning of the substrate W as well as that for compensating the force 
of gravity on the upper part 40. 

[0068] It will be appreciated that similar compensation forces to those generated 

by upper actuators 45 may need to be generated by lower actuators 65 in that the forces 
on the lower part 60 are balanced. 

[0069] If the barrier member 10 is partly supported by another part of the 

apparatus other than the substrate W or substrate table WT, and is actuated in the Z 
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direction by an actuator 70, it is possible to measure the force on the substrate W or 
substrate table WT from a knowledge of the force applied by the actuator 70. The 
actuator 70 may be a electromagnetic motor, a piezoelectric motor, a gas, hydrodynamic 
or hydrostatic bearing between the barrier member 10 and the substrate W and/or 
substrate table WT, or any other sort of actuator. Information about the forces applied by 
the actuators can be used to determine the force on the substrate W and used (in a feed- 
forward manner) to determine the compensation force required. Alternatively or 
additionally, the element 70 may be a force sensor 70 which outputs a signal 
representing the force between the barrier member and the projection system which can 
be used by the compensation controller to determine the required compensation force. 
[0070] The compensation force may be filtered (and thereby corrected) for 

certain dynamic properties of the liquid supply system, for example dynamic properties 
of the barrier member 10 (such as bending for example) and possible seal/bearing 
characteristics (such as elasticity). 

[0071] The compensation controller may also determine the compensation force 

in a feedback manner based on any variable other than the position of the table. For 
example the feedback determination may be on the basis of the force sensor 70 output or 
the actuator force or the pressure of the liquid in the space and/or pressure of liquid 
and/or gas at the seal and/or bearing. 

[0072] As stated above, the pressure of liquid in space 5, seal and/or bearing can 

apply a force (pressure times area) to the substrate W or substrate table WT. The 
moment applied to the upper part of the substrate table 40 by the immersion liquid is 
also positionally dependent and the force can be determined from a knowledge of the 
pressure of immersion liquid in the space 5 and the surface area over which that pressure 
is applied. 

[0073] Another immersion lithography solution which has been proposed is to 

provide the liquid supply system with a seal member which extends along at least a part 
of a boundary of the space between the final element of the projection system and the 
substrate table. The seal member is substantially stationary relative to the projection 
system in the XY plane though there may be some relative movement in the Z direction 


P-1843.000-US 


16 


(in the direction of the optical axis). A seal is formed between the seal member and the 
surface of the substrate. Preferably the seal is a contactless seal such as a gas seal. Such 
a system is disclosed in, for example, United States patent application no. US 
10/705,783, hereby incorporated in its entirety by reference. 

[0074] A further immersion lithography solution with a localized liquid supply 

system is shown in Figure 4. Liquid is supplied by two groove inlets IN on either side of 
the projection system PL and is removed by a plurality of discrete outlets OUT arranged 
radially outwardly of the inlets IN. The inlets IN and OUT can be arranged in a plate 
with a hole in its center and through which the projection beam is projected. Liquid is 
supplied by one groove inlet IN on one side of the projection system PL and removed by 
a plurality of discrete outlets OUT on the other side of the projection system PL, causing 
a flow of a thin film of liquid between the projection system PL and the substrate W. 
The choice of which combination of inlet IN and outlets OUT to use can depend on the 
direction of movement of the substrate W (the other combination of inlet IN and outlets 
OUT being inactive). 

[0075] In European patent application no. 03257072.3, hereby incorporated in 

its entirety by reference, the idea of a twin or dual stage immersion lithography 
apparatus is disclosed. Such an apparatus is provided with two substrate tables for 
supporting the substrate. Leveling measurements are carried out with a substrate table at 
a first position, without immersion liquid, and exposure is carried out with a substrate 
table at a second position, where immersion liquid is present. Alternatively, the 
apparatus can have only one substrate table moving between the first and second 
positions. 

[0076] The present invention can be applied to any immersion lithography 

apparatus, in particular, but not exclusively, to those types mentioned above. 
[0077] While specific embodiments of the invention have been described above, 

it will be appreciated that the invention may be practiced otherwise than as described. 
The description is not intended to limit the invention. 


